Background: While the prevalence of asthma in children is decreasing or remaining the
INTRODUCTION
Asthma is the most common chronic disease affecting children [1] and rhinitis remains a significant health problem affecting quality of life [2] . There is global variation in asthma prevalence, with the point prevalence being higher in more affluent regions compared to less affluent regions [3, 4] . Globally asthma and rhinitis prevalence increased in the latter part of the 20 th Century [5] . However global time trend studies in the last decade, showed that while childhood asthma prevalence continued to increase in less affluent regions with a low point prevalence, it was reaching a plateau in more affluent regions with higher point prevalence [6] . The United Kingdom (UK) has one of the highest asthma prevalence globally [4] . In UK, asthma and rhinitis prevalence increased from the 1970`s to mid-1990`s [5, 7] . However, time trends in asthma prevalence during the first decade of the 21 st century are unclear, with some studies showing increase and others showing plateauing or decrease in asthma prevalence in schoolchildren [7] [8] [9] [10] [11] .
It has been challenging to identify mechanisms driving changes in prevalence of allergic airway disease [12] .Asthma is a complex disease where interaction of genetics and environment play an important role [13] . The temporal changes in asthma prevalence are too quick to be explained by naturally occurring genetic alterations in populations [6] . Allergic sensitisation to aero-allergens plays an important role; house dust mite (HDM) sensitisation is strongly associated with asthma [14] [15] [16] . Recent European studies of time trends in asthma prevalence have found that similar to asthma prevalence, aeroallergen sensitisation has remained stable from 1991 to 2001-02 in schoolchildren [17, 18] . Similarly allergic sensitisation is a strong risk factor for rhinitis [19] and it is known that grass pollen sensitisation is associated with rhinitis in the UK [20] .
Meaningful analyses of time trends in changing prevalence of allergic disease require studies employing the same methodology and in the same geographical location over time.
Arshad et al have shown that HDM sensitisation is an important risk factor for asthma with an odds ratio of 8.07 (4.60-14.14) and sensitisation to grass was found to be an important risk factor for rhinitis with an odds ratio of 5.02 (2.21-11.41). We have previously reported the prevalence of current wheeze in the Isle of Wight (IoW) birth cohort at 10 years as 18.9% in 1999-2000 with associations to allergic sensitisation and sex [16] . We hypothesize that (i) the prevalence of wheeze and rhinitis will increase over a 12 year period and (ii) the increase in wheeze and rhinitis will be associated with a change in the same direction for house dust mite and grass pollen sensitisation respectively. 
METHODS

Study Population/Birth cohorts:
This is a repeat cross-sectional study performed in two separate cohorts of children aged 10 years, resident in the same locality and separated by 12 years. 
Questionnaires:
ISAAC (International Study of Asthma and Allergies in childhood) and study specific questionnaires were used in both studies. Prevalence rates are based on parental responses to ISAAC questionnaires [25] used at 10 year follow ups in both cohorts. Lifetime wheeze symptoms were based on response to "Has your child ever had wheezing or whistling in the chest at any time in the past?" current wheeze was based on "Has your child had wheezing or whistling in the chest in the last 12 months?" and ever treated for asthma was based on "Has your child been treated for asthma?" Current rhinitis symptoms and lifetime rhinitis were derived from the responses to "In the past 12 months, has your child had a problem with sneezing, or a runny or blocked nose when he/she did not have a cold or the flu?" and "Has your child ever had hay fever?" respectively. Risk factors; family history of asthma or rhinitis, prenatal smoking and pet exposures were prospectively collected.
Sensitisation:
Allergic sensitisation was defined by positive Skin Prick Test (SPT) indicated by a wheal size of 3 mm or more than the negative control (Saline). Sensitisation to aero-allergens that were tested in both studies were compared; HDM (Dermatophagoides pteronyssinus ), Cat (Felis domesticus) and Grass (mixed grasses) pollen. SPT was done using standardised allergen reagents and methodology (ALK-Abell_o, Hørsholm, Denmark) [16, 22] and by the same research team.
Statistical Analysis:
The prevalence of wheeze, rhinitis and allergen sensitisation are given in proportions with 95% confidence intervals (95% CI). The significance of difference in prevalence between the two cohorts was tested using chi-square tests. Logistic regression analyses (Univariate and multivariate) were used to test the association of sex, family history, prenatal exposures and aero-allergen sensitisation with prevalence of wheeze and rhinitis. Backward stepwise model was used for multivariate regression analysis. All the analyses were done using SPSS Version 19 (IBM, Chicago, USA). CIA (Confidence Interval Analysis software) was used for 95% CI for proportions and the difference in prevalence. P value of less than 0.05 was considered significant.
RESULTS
Study population:
Of the 1456 children available for follow up in the IoW-cohort, 1373 (94%) provided questionnaire based information and 1036 (71%) underwent SPT at 10 years of age in 1999-2000. In the FAIR follow up at 10 years of age in 2011-12, 827 (85%) out of 969 available children responded to the questionnaire based information and 588 (61%) underwent SPT.
Characteristics of the cohorts are displayed in Table I . The subsets who underwent SPT in both cohorts were representative of the respective cohorts (Supplementary Table E1 ).
Trend in Prevalence of wheeze, rhinitis and sensitisation
Prevalence of lifetime wheeze, current wheeze and ever treated asthma all decreased significantly from 1999-2000 to 2011-12. Conversely current rhinitis symptoms and lifetime rhinitis both increased significantly between these two time points (Table II) .
Changes in prevalence for individual aero-allergen sensitisation varied according to allergen (Table III) . HDM sensitisation decreased significantly, while grass pollen sensitisation increased (not significant) and cat sensitisation remained unchanged during the same period.
There was no difference in time trends of wheeze and rhinitis prevalence between IoW and FAIR cohorts when stratified by sex (Supplementary Table E2 ). The only difference noticed was in the increase in grass sensitisation from IoW to FAIR-cohort which was higher in girls compared to boys. Interactions of sex by cohorts were not significant for both lifetime wheeze and rhinitis (Supplementary Table E3 ).
Family history and prenatal risk factors
Overall, parental history of asthma was significantly higher in the FAIR-cohort compared to the IoW-cohort by 5.2% (p=0.012), which was significant for maternal (4.6%, p=0.009) but not paternal (2.5%, p=0.118) history. However sibling history of asthma significantly decreased by 5.1% (p=0.017). Parental history of rhinitis significantly increased from by 14.1% (p<0.001), which was significant for both maternal and paternal history of rhinitis.
Sibling history of rhinitis showed non-significant increase of 1.7% (p=0.349). Maternal smoking during pregnancy showed a drop by 2.8% comparing the two time points but this was not significant and there was no difference in prenatal pet exposure in the two cohorts (Table IV) .
Association of sex, family history and prenatal factors and aero-allergen sensitisation to wheeze and rhinitis
Lifetime prevalence of wheeze:
Male sex, parental history, sibling history, prenatal smoke exposure, HDM, grass and cat sensitisation were associated with wheeze in both cohorts in univariate analysis. Using backward stepwise multivariate logisitic regression male sex (p=0.038), parental history (p<0.001), sibling history (p=0.008), maternal smoking during pregnancy (p=0.018) and HDM sensitisation (p<0.001) remained independently significant in the IoW-cohort while sex (p=0.007), parental history (p<0.001) and HDM sensitisation (p=0.004) remained independently significant in the FAIR-cohort (Table V) . Therefore sex, parental history and HDM sensitisation were the common factors significantly associated with lifetime wheeze in both cohorts.
Lifetime prevalence of rhinitis:
Parental history and sensitisations to HDM, cat and grass were associated with lifetime rhinitis in both cohorts. Sibling history and prenatal maternal smoking in IoW and prenatal pet exposure in the FAIR-cohort were also associated with lifetime rhinitis using a univariate regression analysis. Using a multivariate regression with backward stepwise analysis, parental history (p<0.001), HDM (P<0.001) and grass (p<0.001) sensitisation remained significant in the IoW-cohort whereas only parental history of rhinitis (p<0.001) and grass sensitisation (p<0.001) remained significant in the FAIR-cohort (Table VI) . Thus parental history of rhinitis and sensitisation to grass were common factors significantly associated with lifetime rhinitis in both cohorts.
Risk factors; HDM sensitisation and parental history of asthma for lifetime wheeze and grass sensitisation and parental history of rhinitis for lifetime rhinitis were tested for interaction with cohorts. Only cohort and parental history of asthma was significant (p=0.045) and all other interaction terms were not significant as summarised in supplementary table E4 .
DISCUSSION
This study; comparing upper and lower airway disease symptom prevalence at 10 years of age in two population based birth cohorts 12 years apart in the same location has shown falling prevalence of current and lifetime wheeze plus ever being treated for asthma, associated with HDM sensitisation which decreased during the same period. By contrast in the same period from 1999-2000 to 2011-12, there was an increase in current and lifetime rhinitis prevalence, which was associated with grass sensitisation which increased during the same period. Male sex, parental history of asthma and HDM sensitisation for wheeze and parental history of rhinitis and grass sensitisation remained significant risk factors in both cohorts for asthma and rhinitis respectively. Maternal smoking in pregnancy was significantly associated with lifetime wheeze only in the earlier IOW-cohort.
Time trend analysis can be challenging due to a number of factors including lack of uniformity in methodology and definitions of outcomes. We used identical validated questions (ISAAC) and the same methodology [25] which makes prevalence in our 2 cohorts comparable. Moreover, both cohorts in this study are population based, from the same geographical location and assessed by the same research team thus restricting the plausible biases and the influence of environmental differences when comparing the prevalence from wider geographical regions. Both cohorts have shown high follow up rates and the risk of significant bias is relatively low,. Other important aero-allergens like tree pollen and common moulds are missing in this study which can be one of the limitations of this paper, but the three aero-allergens studied usually explain majority of the atopic status [26] . Another potential limitation is the generalizability of the prevalence rates estimated on the IoW.
Although, it remains a theoretical possibility, the population on the IoW is neither socially, not geographically, isolated. The prevalence rates for allergic diseases we have reported previously are very similar to the developed world in general and UK in particular [16] .
Therefore, the time trends seen in our cohorts should be broadly generalizable. Also results from other islands have been comparable to the reference region on the mainland [27] . As reported by Zollner et al in Germany and Braun-Fahrlander et al in Switzerland, we also found stable overall aero-allergen sensitisation on the Isle of Wight. However both studies reported mixed inhalant screen and differences in individual aero-allergen sensitisation were not investigated [17, 18] . We report a significant decrease in HDM sensitisation by 5.6% and a non-significant increase in grass sensitisation by 3.5%. In the Isle of Wight prevention study (different cohort from the 2 cohorts compared in this paper), reduction in the level of HDM mite was associated with reduced level of allergic sensitisation to HDM [30] . Based on this finding, it might be that falling HDM exposure levels may have contributed to the falling HDM sensitisation observed in our study. However, without HDM exposure information at two time points, this remains purely speculative but an important area for future research.
Allergic conditions are complex diseases where multiple environmental exposures, hereditary factors and gene-environment interactions play important roles [13] . One of the criticism for this paper would be not looking at all the plausible factors like decreasing birth rate, changes in family sizes, changes in living conditions and respiratory viral infections [12, 31] . Parental history is a known risk factor for developing allergic airway diseases [32, 33] and prenatal smoke exposure is associated with the development of asthma [33] . Prenatal smoke exposure declined which could be due to a better awareness of harmful effects of smoking particularly during pregnancy, and the association analysis suggested declining effect of prenatal smoke exposure on wheeze and rhinitis between these two cohorts. Parental history remained significantly associated to wheeze and rhinitis in both cohorts. We have shown that the prevalence of wheeze decreased in the current generation (in the cohort studied) and the sibling history of asthma also decreased, whereas the parental history of asthma increased between the two cohorts, suggesting different time trends in prevalence in two generations. HDM sensitisation is associated with lifetime wheeze and sensitisation to grass with lifetime rhinitis in both cohorts. Li et al. show that asthma prevalence continues to increase predominantly in HDM sensitised urban Chinese children [34] . An association does not necessarily imply causality; however one interpretation of our results is of a possible role of decreasing HDM and increasing grass sensitisations driving the contrasting time trends of wheeze and rhinitis prevalence respectively. Recently a synergistic effect of family history and second hand smoking has been shown for adult onset asthma [35] . There is a possibility of synergic effect of decreasing HDM sensitisation, decreasing prenatal smoke exposure and family history of asthma on decreasing wheeze prevalence and this provides an area for further research. We did observe a decrease in the maternal smoking during pregnancy from IoW to FAIR-cohort but this change was not significant, so the interpretations have to be made with caution.
In conclusion, this is the first study reporting contrasting time trends for childhood allergic airway diseases along with aeroallergen sensitisations in the same geographical location;
falling wheeze and rising rhinitis associated with falling time trends of HDM sensitisation with rise in grass pollen sensitisation. Changing associations with aero-allergen sensitisation and smoke exposure partly contribute to changing prevalence of wheeze and rhinitis.
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